1. Introduction {#S1}
===============

Diabetes mellitus (DM) is a metabolic disease that is closely associated with male reproductive dysfunction (1). The production of Free radicals and oxidative stress is an important pathogenic factor in diabetes (2). It is shown that there is a direct relationship between DM, fertility and pregnancy losses. On the other hand, the age of the patient is very important. In fact, the percentage of patients with type 2 DM is four times more than type 1 DM in japan. In the America, more than one-third of the new DM diagnostics are in young ages. Although, it is demonstrated that the pathological and biochemical changes due to the DM are responsible of reduction in male fertility (3). These factors lead to the development of diabetic testicular dysfunction. The imbalance between reactive oxygen species (ROS) production and body antioxidant defense cause oxidative stress (OS) which is very important in sperm fertility potential (4). This imbalance promotes the process of apoptosis because of the crosstalk between oxidative stress and apoptosis (5). The most important ROS are hydrogen peroxide and proximal. Hydroxide and hypochlorous acid are other non-oxygen radicals produced by diabetes. Reactive nitrogen species including oxide nitrite and nitrite proxy also have important biological activity. ROS and RNS are continuously produced in the physiological cycle. Uncontrolled production of intracellular ROS can damage macromolecules (DNA, lipids, and proteins) (6). In order to reduce these destructive functions, there are many intra- and extra-cellular antioxidant defense mechanisms to neutralize the effects of free radicals (7, 8). Vitamin E, carotenoids, lipoic acid, selenium, etc., also help to remove the produced free radicals (9). The most important free radicals in human semen are superoxide anion radicals, hydrogen peroxide, and hydroxyl radicals (10). These free radicals are typically produced during oxygen metabolism. Under physiological conditions, low level of ROS is essential for normal function of sperm (11). However, the production of excessive amounts of ROS can cause serious damage in sperm. Recent studies have reported that there are high levels of ROS in 25--40% of infertile men that leads to damage to sperm DNA and apoptosis (12). It is now proved that vitamin E, as a potent antioxidant (13), protects the organism against oxidative stress via the inhibition of propagation of ROS reactions. In reproductive system, the antioxidant role of vitamin E has also been reported to reduce testicular oxidative stress (14). The antioxidant activity of vitamin E can improve diabetes-induced free radical damage in testicular tissue.

Therefore, this study aims at evaluating the effect of vitamin E on oxidative stress induced by diabetes in mice sperm.

2. Materials and Methods {#S2}
========================

Animals and treatments
----------------------

In this experimental study, 30 Syrian adult male mice (30--40 gr) were divided equally into three groups - control, treated by vitamin E, and untreated group. For the induction of diabetes, 20 mice were intraperitoneally injected by a single dose (200 mg/kg) of Streptozotocin; 48 hours after the injection, blood glucose was measured by a glucometer (ACCU-CHEK - Germany) and the mice with blood glucose concentrations 200 to 350 mg/dl were accepted as being diabetic. In the treated group, vitamin E was intraperitoneally given to the mice for 35 days. At the end of this period, the animals were anesthetized and sacrificed by Dislocate. Testis of the animals were dissected and homogenized in phosphate buffer (10%, pH= 7.6). Then, the homogenized tissue was centrifuged at 10000 g for 15 min. The acquired supernatant was used for measuring the of Total Antioxidant Capacity (TAC) and malondialdehyde (MDA) as well as the evaluation of sperm parameters.

Evaluation of sperm parameters
------------------------------

For counting sperms, Neubauer hemocytometer was used. Briefly, the dissected epididymis was transferred into Ham\'s F10 medium and used for sperm count by a microscope. To investigate the sperm motility, the sperm solution was placed on semen analysis chamber and evaluated by microscopic fields. The sperm morphology was evaluated by eosin-nigrosine-stained slides.

MDA concentration
-----------------

So as to determine MDA, 10 µl of hydroxy toluene was mixed with 100 µl sperm sample and 500 µ TAC. This mixture was vortexed for 10 minutes and then centrifuged in 3000 g. The supernatant was transferred to a microtube and mixed with 400 µl of thiobarbiturate acid and incubated for 1 h in bain-marie. After this period of time, it was placed in 4${}^{\circ}$C for 15 min and centrifuged at 4000 g for 10 min. The absorbance of supernatant was read at 532 and 573 nm. The difference between the two wavelengths was considered as the absorbance of sample. The MDA concentration was calculated based on acquired absorbance data.

Total antioxidant capacity
--------------------------

Total antioxidant capacity is considered as a balance between free radicals and antioxidants. To evaluate this parameter, radical scavenging activity is assessed through DPPH radical scavenging assay. 20 µl of plasma and 380 µl of phosphate buffer were poured into a micro tube. This solution was then mixed with 400 µl of methanolic solution of DPPH (0.15 mM in methanol). After 5 hr of incubation in room temperature, the absorbance of the mixture was measured at 520 nm. The control contained 400 µl of methanol and 400µl of DPPH. DPPH radical scavenging ability was calculated using the following equation:
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Determination of apoptosis
--------------------------

For the determination of apoptosis, the TUNEL method was used based on similar articles. In this method, the TdT enzyme is able to mark the 3-OHs that have been released into the free form by breaking the DNA in the course of apoptosis. Then, Fluorescein-containing places are identified by Anti-Fluorescein antibody attached to peroxidase. In this method, situ cell death detection kit and fluorescent microscope were used for the detection of sperms that were involved in apoptosis.

In this project, ethical principles in animal studies were observed and approved by the ethics committee of Shahid Sadoughi University of Medical Sciences with code number ir.ssu.medicin.rec.1395.36.

Statistical analysis
--------------------

To analyze MDA, TAC, chromatin density, and apoptosis, one-way ANOVA was applied, and to compare control and case groups, the statistical software of SPSS (Statistical Package for the Social Sciences, version 18.0, SPSS Inc, Chicago, Illinois, USA) and ANOVA tests were used. Also, the Tukey test was performed and the significance level of the test was considered to be less than 0.05.

3. Results {#S3}
==========

Sperm count
-----------

Sperm count was done in the three groups and acquired data are summarized in Table I. Based on the data, highly significant decrease was observed in diabetic mice in comparison with control group (478$\times$10${}^{5}$ and 171$\times$10${}^{5}$ for control and untreated diabetic group, respectively). Having considered the number of sperms in the untreated and treated groups, it was found out that vitamin E leads to a remarkable increase in sperm number. There was a great difference between control and treated diabetic group (p= 0.026) (Table II).

Sperm motility
--------------

Compared to the control group, animals in diabetic group showed a remarkable increase in the percentage of immotile sperm (Table I). Mice treated with vitamin E showed a decrease in the percentage of immotile sperm in comparison with the untreated group. This increase was statistically significant (p= 0.026). There was also a great difference between treated and control group in terms of the percentage of immotile sperm (p= 0.024) (Table II). Also, we examined the sperm motility in the three groups and the data are summarized in Table I. The Bonferroni test demonstrated that there was a significant difference between control and untreated groups as well as treated and untreated groups in terms of slow and quick variations, but no significant difference was seen between the control and treated groups (Table II).

Normal and abnormal sperm morphology
------------------------------------

As shown in Table I, diabetic mice have low rate of normal sperm. This morphological anomalies was significant in comparison with the control group (p= 0.0001). The untreated group showed a significant increase (p$<$ 0.0001) in abnormal sperm compared to control and treated groups. The quantity of normal sperm in treated group indicated that vitamin E could remarkably (p= 0.0001) reverse the sperm morphological anomalies as compared with the untreated group so that there was no significant difference between the control and treated groups (p= 0.091) (Table II).

TAC
---

According to the results in Table I, the TAC was strikingly decreased in diabetic mice. Vitamin E could dramatically improve TAC since its application did solve the problem to some extent, but the effect was not notable in comparison with untreated diabetic mice. The control group and treated diabetic group (p= 1) were almost similar in TAC.

MDA concentration
-----------------

The concentration of MDA in all three groups was similar (Table I), that is, there is not much difference between these groups in terms of MDA concentration (p$>$ 0.05) (Table II). So, diabetes and its related factors had no effect on the MDA concentration.

Apoptosis assay
---------------

The effect of vitamin E on cell apoptosis was evaluated by TUNEL method, and its acquired results were summarized in Table I. According to the table, there was a significant difference between the groups. For a more accurate analysis, this factor was compared between each two groups (as shown in Table II). There was a remarkable difference between the control and untreated groups. But, this variable was not considerable between the control and treated groups. The treatment of the mice with vitamin E improved this variable and reduced the cell apoptosis.

###### 

Examined variables (sperm number, sperm morphology, TAC, MDA concentration, sperm motility, apoptosis) among the three groups.

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------- ------------------------- -------------------------
                                                                                                                                                                                                                                                    
  **Variable**                                                                                                                                                                                  **Group**                                           
                                                                                                                                                                                                **Control**               **Untreated Group**       **Treated Group**
  Number of sperm                                                                                                                                                                               478 $\times$ 10${}^{5}$   171 $\times$ 10${}^{5}$   322 $\times$ 10${}^{5}$
  Normal Morphology                                                                                                                                                                             78 $\pm$ 5.87             49.6 $\pm$ 31.93          70.2 $\pm$ 7.46
  Abnormal Morphology                                                                                                                                                                           22 $\pm$ 5.66             49.4 $\pm$ 9.77           29.8 $\pm$ 7.47
  TAC\*                                                                                                                                                                                         24.74 $\pm$ 10.34         12.03 $\pm$ 11.98         8.48 $\pm$ 9.89
  MDA\*                                                                                                                                                                                         2.47 $\pm$ 0.27           2.55 $\pm$ 0.28           2.66 $\pm$ 0.11
  Slow                                                                                                                                                                                          17.5 $\pm$ 3.54           10.7 $\pm$ 7.48           18.7 $\pm$ 5.98
  Quick                                                                                                                                                                                         25 $\pm$ 12.92            1 $\pm$ 4.65              12.5 $\pm$ 5.67
  Immutile                                                                                                                                                                                      58 $\pm$ 3.53             86.4 $\pm$ 7.48           70.3 $\pm$ 5.95
  TUNEL\* medium (apoptosis indicator)                                                                                                                                                          4.5                       27                        10
  Data presented as Note: \*TAC: Total Antioxidant Capacity; \*MDA: malondialdehyde; \*TUNEL: Terminal deoxynucleotidyl transferase dUTP nick end labeling; ANOVA test was used for analysis.                                                       
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- ------------------------- ------------------------- -------------------------

###### 

Comparison of statistical analysis of examined variables (sperm number, sperm morphology, TAC, MDA concentration, sperm motility, apoptosis) among the three groups.

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------- -------------------------------- ------------------------------
                                                                                                                                                                                                                                                
  **Variable**                                                                                                                                                                P**-value Between Groups**                                        
                                                                                                                                                                              **Control & Untreated Groups**   **Treated & Untreated Groups**   **Control & Treated Groups**
  Number of sperm                                                                                                                                                             0.0001                           0.026                            0.048
  Normal Morphology                                                                                                                                                           0.0001                           0.091                            0.0001
  Abnormal Morphology                                                                                                                                                         0.0001                           0.102                            0.0001
  TAC\*                                                                                                                                                                       0.041                            0.007                            1
  MDA\*                                                                                                                                                                       1                                0.08                             0.11
  Slow                                                                                                                                                                        0.047                            1                                0.016
  Quick                                                                                                                                                                       0.0001                           0.005                            0.069
  Immutile                                                                                                                                                                    0.0001                           0.024                            0.026
  TUNEL\* (apoptosis indicator)                                                                                                                                               0.0001                           0.066                            0.025
  Note: \*TAC: Total Antioxidant Capacity; \*MDA: malondialdehyde; \*TUNEL: Terminal deoxynucleotidyl transferase dUTP nick end labeling; ANOVA test was used for analysis.                                                                     
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------- -------------------------------- ------------------------------

4. Discussion {#S4}
=============

In this study, the effect of vitamin E on sperm parameters in adult diabetic mice was evaluated. The present study demonstrated that testicular characteristics including number of normal sperm, mobility, morphology, and apoptotic cells change in diabetic mice. These changes were associated with enhanced oxidative stress and apoptosis in the testes of diabetic mice (15). It was proved that diabetes causes testicular dysfunction and also has some effects on testicular parameters and reproductive system such as increase in semififerous tubule thickness, reduction in germ cells population, vacule formation in Sertoli cells, the decrease in volume of testis and semen, decrease in Leydig cells and Testosterone (16). The majority of these effects are related to oxidative stress in a diabetic person (17). The increase of blood sugar may result in the increase of free radical formation and reduce endogenous antioxidant capacity that leads to enhanced oxidative stress in testicular tissue. In another study, Hulya *et al*. showed that DM may cause testicular damage due to ROS elevation. They also demonstrated that Vit E can improve testicular damages. They concluded that, the high levels of ROS in DM inhibits steroidogenesis via different mechanisms, without causing any histopathologic change (18).

The overproduction of ROS causes mitochondrial damage and lipid peroxidation in testicular cells and results in dysfunction of testicular spermatogenesis (19). The acquired data from this study also indicated the effect of diabetes on sperm parameters. Koksal also showed that lipid peroxidation cause sever pathological alterations in testis. Their results confirm that high levels of may have a critical role in testicular degeneration and infertility (20). Mustafa Sönmez *et al*. revealed that chronic treatment of Hcy has deleterious effect on the epididymal sperm parameters in male Mice. They also showed that the administration of Melatonin or Vitamin E can protect spermatozoa and Leydig cells from adverse effects of Hcy in Mice (21).

Mangoli and colleagues. presented that the sperm parameters in diabetic mice are significantly lower than in normal mice. The main reason for the reduction of these parameters is the oxidative stress induced by diabetes, and the toxic effect of diabetes on the sperm number and morphology can be a result of diabetes-induced stress oxidative (22).The most important effect of diabetes is the production of free radicals and their related stress oxidative (23). Vitamin E can reverse the hazardous effect of diabetes on sperm number, morphology, and other related parameters. The results of this study showed that in the treated diabetic group, vitamin E remarkably eliminated diabetes-mediated reduction of sperm number. Vitamin E application reduced the side effects of diabetes and enhanced the total sperm number to normal range, to some extent (24). The results of this study is in line with those of Parizadian Kavan and colleagues. and Azawi and colleagues. (25, 26). Parizadian Kavan showed that the use of vitamins E and C in tris extender and the use of vitamin E in milk extender is recommended for the storage of Atabay ram semen in liquid conditions with high quality of their parameters (25). Azawi also demonstrated that the addition of the antioxidants like Vit C and Vit E to the preservation media can improve sperm quality in Awassi ram (26). in the way that vitamin E reduces the destructive effects of oxidative stress on sperm, and these antioxidant properties improve sperm parameters such as sperm morphology (27--29). Also, its effect on free radicals leads to sperm protection from apoptosis induction. In this study, the reduction of apoptosis level confirms this matter. MDA concentration was assayed as a biomarker of lipid peroxidation. MDA concentration in untreated diabetic mice was not significantly different from that of the control and treated diabetic mice; so, in spite of the sperm number, the MDA concentration remained unchanged in the three groups. This result suggests that the lipid peroxidation occurs in small amounts in diabetic mice. Numerous studies have proved that vitamin E has antioxidative properties as it improves TAC, suppresses destructive oxygen free radicals, and prevents oxidative stress damage (30).

In this article, we also demonstrate that the use of vitamin E significantly increases TAC in the treated diabetic mice compared to the untreated diabetic mice. In the treated diabetic mice, TAC was still lower than the normal groups. So, vitamin E improves the sperm parameters inducing oxidative stress and their harmful effects on testis.

5. Conclusion {#S5}
=============

As a conclusion, the study indicates that vitamin E has potent effects as antioxidant agent in the reduction of adverse side effects of diabetes-induced stress oxidative on sperm parameters. The use of vitamin E may be useful for the elimination of complications resulting from oxidative stress in diabetes.
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